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Quark-lepton compositeness is a well-known beyond the Standard Model (SM) scenario with heavy exotic
particles like leptoquarks (LQs) and leptogluons (LGs) etc. These particles can couple to leptons and jets
simultaneously. In this letter, we use the recent CMS scalar LQ search data in the eejj and eej channels to
probe this scenario. We recast the data in terms of a color octet partner of the SM electron (or a first generation
spin-1/2 LG) that couples to an electron and a gluon via a dimension five operator suppressed by the quark-
lepton compositeness scale (Λ). By combining different production processes of the color octet electron (e8) at
the LHC, we use the CMS 8TeV data to obtain a simultaneous bound on Λ and the mass of the e8 (Me8 ). We
also study the reach of the 13 TeV LHC to discover the e8 and interpret the required luminosity in terms of Me8
and Λ.
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I. INTRODUCTION
The idea of quark-lepton compositeness [1–8] goes along
with our intention to describe nature in terms of its most fun-
damental building blocks. As its name suggests, in the mod-
els with quark-lepton compositeness, the Standard Model
(SM) fermions are not elementary but rather have finer sub-
structures. Similarities between the SM lepton and quark
sectors (like, both come with three flavors and behave sim-
ilarly under the SU(2)L × U(1)Y gauge symmetry with
the same weak coupling) can be explained if they are as-
sumed to be different bound states of some fundamental
constituents. These fundamental constituents, called preons
by Pati and Salam [1], are charged under some new strong
force which confines them below a certain scale Λ, known
as the compositeness scale.
As we have hadrons in QCD, in this scenario one expects
a host of new exited preonic-condensates. Some of these
condensates would be quite exotic, as they would carry both
SU(3)c color charges and lepton numbers, like the bosonic
leptoquarks (LQs or ℓq’s) that transform as triplets under
SU(3)c [9–11] or the leptogluons (LGs or ℓ8’s) that are
color-octet fermions [12–17] etc. Because of their color
charges, if these exotic condensates have TeV-range masses,
they would be produced copiously at the Large Hadron Col-
lider (LHC) making it possible to probe this scenario exper-
imentally.
The LHC has already put some constraints on the masses
of scalar LQs decaying to SM quarks and leptons [18–21].
Of these, we look at the most recent search by CMS, for the
first and second generations of scalar LQs in the ℓℓjj and
the ℓνℓjj channels with 19.7 fb−1 of integrated luminosity
at the 8 TeV LHC [18]. With pair production, the 95% con-
fidence level (CL) exclusion limit on the mass of the first
(second) generation scalar LQ now stands at Mℓq = 1005
(1080) GeV assuming it always decays to an electron (a
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muon) and a jet. Note that unless specified otherwise, we
do not distinguish between any particle and its anti-particle.
Hence, an electron here could mean a positron as well. In
the first generation search, mild excesses of events com-
pared to the SM background were observed in both the eejj
and the eej channels for Mℓq ∼ 650 GeV. Currently, these
excesses have attracted considerable attention in the litera-
ture. CMS has also performed a dedicated search for the
single productions of the first two generations of LQs in the
ℓℓj channels [21]. However, unlike the mostly QCD medi-
ated pair production, the single productions depend strongly
on an unknown coupling λ, the ℓq-ℓ-q coupling. Hence, the
exclusion limits from this search are λ dependent. For the
first generation, the exclusion limit goes from 895 GeV to
1730 GeV when λ goes from 0.4 to 1.0 and for the sec-
ond generation the data exclude Mℓq below 530 GeV for
λ = 1.0.
In this letter, we recast the CMS 8 TeV eejj [18] and
eej [21] data in terms of the first generation spin-1/2 LG
carrying unit electric charge, i.e., the color octet partner of
the SM electron (e8) to probe the composite quark-lepton
scenarios and obtain the most stringent limits available on
the e8. This is possible because a LG can also decay to a
lepton and a jet (gluon) just like a LQ. Hence, the pair pro-
duction of e8’s would have eejj final states.1 Earlier, there
have been other phenomenological studies on LGs [22–26]
and the CMS 7 TeV eejj data [27] were used to infer bounds
on Me8 [28, 29]. Considering the pair production, Ref. [29]
put the mass exclusion limit at about 1.2-1.3 TeV. Similarly,
an e8 could be produced singly in association with an elec-
1 In absence of any BSM decay, the only two body decay a LG can have is
either ℓ8 → ℓ g or ν8 → νℓ g (ν8, color octet partner of a neutrino) but
not both. Hence, unlike LQs, the QCD mediated pair production of LGs
can not have a ℓνℓjj final state. However, depending on the underlying
model, a charged ℓ8 and a neutral ν8 might couple simultaneously with
a SM W boson allowing a weak interaction mediated process,
pp→ (W → ℓ8ν8) → ℓj
⌢
νℓj
⌣
,
with the ℓνℓjj final state.
2tron and give rise to an eej final state. Interestingly, the
single productions of LGs open up a way to probe the com-
positeness scale. This is because, at the leading order (LO),
the ℓ8-ℓ-g interaction comes from an effective operator of di-
mension five that is suppressed by the compositeness scale
Λ [28, 30] (see the next section). This is unlike the LQ in-
teractions, where the LO terms are of dimension four and
hence, apparently insensitive to Λ.
In a recent paper [31], we pointed out that the single pro-
ductions of LQs can also lead to the eejj final state and
similarly, events from the pair productions could also pass
the signal selection criteria of the single production search in
the eej channel. Combining these production processes in
the signal simulations can provide better limits in the Mℓq -λ
plane from both the eejj and the eej channels. The same
argument applies for LGs too. Hence, following Ref. [31],
here we systematically combine both the pair and the single
production processes of the e8 while reinterpreting the CMS
eejj and eej data and obtain exclusion limits in the Me8 -Λ
plane. This way, we obtain the mass exclusion limits as well
as the limits on the compositeness scale from both the eejj
and the eej data and compare them.
Our presentation is organized as follows. In the next sec-
tion we discuss the details of the signal we consider, in sec-
tion III, we present the results of our recast analysis, in sec-
tion IV we investigate the prospect of discovering the color
octet electron at the 13 TeV LHC and then in section V we
conclude.
II. LEPTOGLUON (COMBINED) SIGNALS
If we assume Me8 is smaller than Λ and there is no vi-
olation of lepton flavor, we can write a generic effective
Lagrangian for the e8 allowed by the SM gauge symmetry
as [28],
L = e¯a8iγµ
(
∂µδ
ac + gsf
abcGbµ
)
ec8 −Me8 e¯a8ea8 + Lint, (1)
with [30],
Lint = gs
2Λ
Gaµν [e¯
a
8σ
µν (ηLeL + ηReR)] + H.c. + . . . . (2)
In the Lagrangian, we have displayed only those dimension
five terms that are important for our study.2 Here, Gaµν is
the gluon field strength tensor, and ηL/R are the chirality
factors. Since, the electron chirality conservation implies
ηLηR = 0, we set ηL = 1 and ηR = 0 in our analysis
without any loss of generality. This dimension five inter-
action opens two decay modes for the color octet electron:
e8 → eg and e8 → egg. However, since the three body
2 As pointed out in Ref. [28], there are more dimension five operators
allowed by the SM gauge symmetries and lepton number conservation
like,
C8
Λ
ifabce¯a8G
b
µνσ
µνec8 +
C1
Λ
e¯a8Bµνσ
µνea8 .
However, these terms lead to e8e8V or e8e8V V vertices (may contain
form factors) that would affect the production cross section. For simplic-
ity, we assume the unknown coefficients associated with these terms are
negligible.
decay is more suppressed than the two body one, we simply
set the total width of the e8 as [22, 28],
Γ ≈ αs (Me8)M
3
e8
4Λ2
. (3)
The production processes of the e8 at the LHC (see Fig. 1
for some representative Feynman diagrams) are discussed in
much detail in Ref. [28]. Instead, here we focus on some es-
sential points. The main contribution to the e8 pair produc-
tion comes from the purely QCD mediated diagrams (see
e.g. Fig. 1a). At the LO, there is an additional t-channel
electron exchange diagram whose amplitude is proportional
to 1/Λ2 (Fig. 1b) but, for the ranges of Me8 and Λ we
consider in this letter, its contribution is small compared to
the model independent QCD mediated contribution. That is
why the pair production process is practically insensitive to
the compositeness scale. On the other hand, all the single
production diagrams contain at least one e8-e-g or e8-e-g-g
vertex (∼ 1/Λ) coming from the interaction term of Eq. (2)
(see e.g. Figs. 1c & 1d).
We simulate the pair and the single productions of e8
at the 8 TeV LHC to estimate their contributions to the
eejj and the eej channels by modeling Eqs. (1) and (2) in
FEYNRULES [32]. We use the CTEQ6L1 Parton Distribu-
tion Functions (PDFs) [33] to generate events with MAD-
GRAPH5 [34] and then shower them with PYTHIA6 [35].
We set the factorization and the renormalization scales, µF
= µR = Me8 . We use DELPHES 3.3.1 [36] to simulate
the CMS detector environment and implement the selection
cuts. In DELPHES, jets are clustered with FASTJET [37] us-
ing the anti-kT jet clustering algorithm [38] with the cluster-
ing parameter, R = 0.4. Since, we generate the pair and the
single productions separately, any possible interference be-
tween them has been ignored. However, this is justified as,
for the parameters considered, the e8 decay width is much
smaller than its mass (i.e., narrow width regime).
We generate events for the inclusive single production for
certain Λ = Λo by combining the following processes,


pp → (e8 e) → ej⌢ e ,
pp → (e8 ej) → ej⌢ ej ,
pp → (e8 ejj) → ej⌢ ejj ,


Λ=Λo
(4)
where the curved connections indicate a pair of electron and
gluon coming from an on-shell e8. However, a straightfor-
ward computation of cross section for the combined single
and pair production processes would lead to some difficul-
ties. Like, the jets that are not coming from a LG could
be soft and lead to divergences. Ideally, to handle these
divergences, one has to go beyond a tree level computa-
tion while combining the different single production pro-
cesses as in Eq. (4). Moreover, such combination can lead
to double counting of some diagrams while showering. Fol-
lowing Ref. [31], we avoid these difficulties by employing
the matrix element-parton shower matching (ME⊕PS) tech-
nique with the shower-kT scheme [39, 40] which effectively
provides a consistent interpolation between the hard par-
tons and the PYTHIA parton showers (PS). It relies on the
PYTHIA PS for the soft jets and the parton level matrix el-
ements for the hard jets and thereby, bypasses the double
counting and the soft jets problems.
The cross section for any other value of Λ = Λn (say) is
obtained by simply multiplying the cross section for Λo by
3g e8
g
g
e8
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FIG. 1: Sample Feynman diagrams: (a) & (b) LG pair production, (c) & (d) LG single productions at the LHC.
Me8 σ
LO
p (fb) σs (fb)
(TeV) (Λ→∞) Λ = 2.5 TeV Λ = 5.0 TeV
0.5 3.85×103 4.85×103 1.22×103
1.0 1.77×101 2.66×101 6.60×100
1.5 2.36×10−1 3.03×100 7.62×10−1
2.0 3.22×10−3 4.41×10−1 1.09×10−1
TABLE I: Cross sections of the pair (σp, at the LO) and the inclu-
sive single (σs, generated as shown in Eq. (4)) productions of color
octet electrons at the 8 TeV LHC.
Λ2o/Λ
2
n, since, as explained earlier, the Λ dependence of the
inclusive single production cross section (σs) can be written
as,
σs (Me8 ,Λ)
def.
=
1
Λ2
σ¯s (Me8) , (5)
if we ignore terms of O (1/Λ4) or higher. In Table I, we
show σs(Me8 ,Λ) for four difference choices of Me8 = 0.5,
1.0, 1.5 & 2.0 TeV and two different choices of Λ = 2.5
& 5 TeV. There, we also show the LO values of the pair
production cross-section (σLOp ) for the four masses. While
combining the pair and the single productions, we use the
next-to-leading (NLO) in QCD K-factors only for the pair
production, available from Ref. [29] for masses up to 1.5
TeV. Beyond this, guided by the trend, we assume a constant
KNLO = 2.0. 3 Note, however, no K-factor is available for
the single productions. Hence, for a particular Λ, we utilize
the available information to the best possible manner and
use the combined signal with the following cross section,
σp (Me8) +
1
Λ2
σ¯s (Me8)
= KNLO (Me8)× σLOp (Me8) + σs (Me8 ,Λ) . (6)
III. RECAST ANALYSIS AND NEW LIMITS
In Fig. 2, we show the recast mass exclusion plots ob-
tained from the CMS eejj [18] data for three different val-
ues of Λ, namely, Λ → ∞ (i.e. the pair production only) in
Fig. 2a, Λ = 5 TeV in Fig. 2b and Λ = 2.5 TeV in Fig. 2c.
To obtain the expected and the observed 95% CL upper lim-
its (ULs) for the recast plot, we rescale the corresponding
3 As it is clear from Table I, σp is too small for Me8 & 1.5. Hence, in
practice, this assumption matters little, though we make it for consis-
tency.
limits from the CMS plot [18] by multiplying with a fac-
tor [31],
Reejjℓq→e8 (Me8 ,Λ) =
ǫ
(ℓq|eejj)
p
(
Mℓq = Me8
)
ǫ
(e8|eejj)
p+s (Me8 ,Λ)
, (7)
where ǫ(ℓq|eejj)p (Me8) is the efficiency (yield) of the fi-
nal event selection cuts optimized for the pair produc-
tion of the first generation scalar LQ of mass Mℓq =
Me8 [18] and ǫ(e8|eejj)p+s (Me8 ,Λ) is the efficiency of the
same set of cuts estimated for the combined (pair+single,
combined as in Eq. (6)) productions of e8’s. In other words,
ǫ
(e8|eejj)
p+s (Me8 ,Λ) denotes the fraction of the combined sig-
nal events that survives the selection cuts optimized for
Mℓq = Me8 . Since, the CMS eejj optimized cuts stop at
Mℓq = 1.2 TeV, we extrapolate beyond this mass by assum-
ing identical selection cuts for Mℓq ≥ 1.2 TeV. Because of
the single productions, the lower limit of the allowed mass
increases with decreasing Λ. For example, from the pure
QCD mediated pair production (Λ → ∞) the limit stands
at about 1.56 TeV and it improves to about 1.66 (1.90) TeV
for Λ = 5 (2.5) TeV.4 Note that with increasing mass, the
pair production becomes more phase space suppressed com-
pared to the single productions and hence, beyond a certain
mass, the single productions dominate over the pair produc-
tion. The crossover point depends on Λ, since all the single
productions depend on it. With this in mind, we can now un-
derstand the behavior shown by the 95% CL UL lines in the
high Me8 limit for finite Λ’s. We expect the single produc-
tions to take over the pair production earlier when Λ = 2.5
TeV than when Λ = 5 TeV. This can be seen from Figs. 2b
& 2c: the small raise in any UL line with increasing Me8
(that it is indeed coming from the single productions can
be confirmed from its absence in the pair only plot) comes
earlier for Λ = 2.5 TeV than Λ = 5 TeV. 5
In Fig. 3, the recast plots for Λ = 2.5 and 5 TeV obtained
from the CMS eej [18] data are shown. For Fig. 3a, we have
considered only the single productions in the signal to com-
pare the mass exclusion limits for the two values of Λ while
in Figs. 3b & 3c, we consider the combined productions.
4 Production processes for LGs generally have enhanced color factors than
LQ production processes (color octet LGs vs. color triplet LQs). As a
result, from the same data one generally obtains higher mass exclusion
limits for LGs than LQs for similar choice of parameters.
5 It is not very straight forward to understand the reason behind the raise
itself intuitively. When these selection cuts [18] are held fixed, both
the efficiencies start to increase with increasing Me8 till they saturate.
However, since they evolve differently, there is a competition between
the numerator and the denominator of Eq. (7).
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FIG. 2: Mass exclusion plots from the recast analysis of the eejj data [18] with three different choices of the compositeness scale Λ. For
these plots, combined production of color octet electrons (i.e., the QCD mediated pair production plus the inclusive single productions
from Eqs. (4) & (5)) with cross section (solid red lines) σp + σ¯s/Λ2, Eq. (6), is considered to simulate the signal. To obtain the expected
95% CL upper limits (dashed lines) beyond 1.2 TeV, the selection cuts [18] are assumed to be identical for Me8 ≥ 1.2 TeV.
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FIG. 3: Mass exclusion plots from the recast analysis of the eej data [18] for two different Λ’s. In (a), only e8 single production is
considered in the signal while in (b) and (c), single and pair productions are combined following Eq. (6) to simulate the signal.
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FIG. 4: Exclusion limits in the Me8 -Λ plane: (a) from the CMS eejj data [18] (obtained with combined production), (b) from the CMS
eej data [18] (obtained with combined production) and (c) comparison plot. The dark shaded regions are ruled out by the data. The lightly
shaded regions correspond to Me8 > Λ where our effective theory approach (Eqs. (1) & (2)) is not reliable.
Here, we rescale the CMS limits [18] by
R˜eejℓq→e8 (Me8) =
ǫ
(ℓq|eej)
s
(
Mℓq =Me8
)
ǫ
(e8|eej)
s (Me8)
(8)
for the single only plot (Fig. 3a) and by
Reejℓq→e8 (Me8 ,Λ) =
ǫ
(ℓq|eej)
s
(
Mℓq = Me8
)
ǫ
(e8|eej)
p+s (Me8 ,Λ)
(9)
5for the other two (Figs. 3b & 3c). Here, ǫ(ℓq|eej)s (Me8) is the
efficiency of the final event selection cuts optimized for the
single productions of the first generation scalar LQ of mass
Mℓq = Me8 [18]. Notice that though the single productions
of the LQ depend on the unknown ℓq-ℓ-q coupling λ, the
efficiency ǫ(ℓq|eej)s , being a ratio of the number of events,
does not depend on any overall factor in the cross section
like λ [31]. For the same argument ǫ(e8|eej)s , which is the cut
efficiency for the inclusive single production of the e8, does
not depend on Λ even though ǫ(e8|eej)p+s does. If we compare
Fig. 3a with Figs. 3b & 3c, it is clear how the inclusion of the
pair production in the signal for the eej search improves the
mass exclusion limits. For example, for Λ = 5(2.5) TeV the
eej data disfavor Me8 below 1.28 (1.84) TeV when only the
single productions are considered. But the same limit goes
up to about 1.62 (1.86) TeV when the pair production is also
included. Obviously, the improvement is more prominent
when the single productions are relatively smaller because
of larger Λ.
In Fig. 4, we show the rescaled 95% CL exclusion limits
in the Me8 -Λ plane. The blue shaded regions are disfavored
by the data. We show the exclusion contours obtained from
the CMS eejj data (Fig. 4a) and the eej data (Fig. 4b). We
compare these two in Fig. 4c. The pair production dom-
inates in the lower mass region and gives a limit on Me8
that is practically independent of Λ. From Fig. 4a or 4c, it
is clear that irrespective of Λ, the eejj data disfavor the e8
with mass below ∼ 1.55 TeV. In the high mass region, the
pair production becomes negligible and the inclusive single
production puts a strong limit on Λ. However, what is re-
markable is that the eejj data give almost identical limit as
the eej data in this regime. In other words, in the high mass
limit, the contamination of single production in a search
optimized for pair production is very significant.6 As ex-
plained in the introduction, the Λ-dependent mass exclusion
limits can also be translated as limits on Λ. The overlapping
limits in Fig. 4c indicate that the lightest limit on Λ stands
about Λ ≈ 2 TeV ≈Me8 within the domain of the effective
theory. If Me8 lies between 1.64 TeV and 2 TeV, Λ must be
higher.
IV. FUTURE PROSPECTS
So far our discussions were centered on reinterpreting the
available data. Now, let us look at the prospect of a discov-
ery of the e8 at the LHC in its 13 TeV runs. In this section,
we assume a future search in the eej channel optimized for
finding the e8 and estimate the discovery reach using the
combined production. We expect two high-pT electrons and
at least one high-pT jet as the typical signature of the com-
bined production of e8 [28]. Therefore, taking a cue from
the existing CMS eej search [18], we use the following se-
lection cuts:
1. two oppositely charged electrons (e±) with transverse
momentum peT > 45 GeV and pseudorapidity |ηe| <
6 Since the pair production search is insensitive to the spin of the particle
being probed, kinematically it does not matter much whether the search
is for LQs or LGs, at least in the narrow widths regime.
Me8 Λ→∞ Λ = 10 Λ = 5
SoptT M
max
ej S
opt
T
Mmaxej S
opt
T M
max
ej
1.5 0.7 0.5 0.7 0.5 0.5 0.5
2.0 1.4 0.6 1.2 1.0 1.1 0.8
2.5 1.8 1.8 1.7 1.7 1.5 1.2
3.0 1.8 1.8 1.8 1.8 1.8 1.8
TABLE II: Optimized ST andMmaxej cuts for the 13 TeV LHC. See
Eqs. (10) & (11) for the definitions of SoptT and Moptej . All values
are expressed in TeV.
Me8 Λ→∞ Λ =10 TeV Λ = 5 TeV
(TeV) Sig. Backg. Sig. Backg. Sig. Backg.
(fb) (fb) (fb) (fb) (fb) (fb)
1.5 9.385 2.764 10.253 2.764 13.035 3.786
2.0 0.569 0.222 0.771 0.282 1.435 0.517
2.5 0.039 0.025 0.086 0.034 0.263 0.105
3.0 0.003 0.025 0.018 0.025 0.065 0.025
TABLE III: Effects of optimized ST and Mmaxej cuts on the com-
bined signal and the dominant Z+nj background (includes contri-
butions from ZV ). The numbers show the cross sections computed
for the 13 TeV LHC after applying the selection cuts.
2.1 excluding 1.442 < |ηe| <1.56,
2. the hardest jet must have pj1T > 125 GeV & |ηj1 | <
2.4,
3. separation between any electron and the hardest jet in
the η-φ plane, ∆Rej1 > 0.3.
To suppress the inclusive-Z background, we apply a strong
cut on
4. the invariant mass of the electron pair, Me1e2 > 400
GeV.
In addition, we also apply some cuts optimized for the dif-
ferent (Me8 ,Λ) combinations,
5. the scalar sum of the pT of the two electrons and the
hardest jet,
ST = p
e1
T + p
e2
T + p
j1
T > S
opt
T (Me8 ,Λ) , (10)
6. the maximum of the two electron-jet invariant mass
combinations,
Mmaxej = Max (Me1j1 ,Me2j1) > M
opt
ej (Me8 ,Λ) . (11)
The values of SoptT and M
opt
ej for some benchmark param-
eters are shown in Table II. The strong cut on Me1e2 sup-
presses the inclusive Z (+n jets) contribution which is the
most dominant background. The other significant back-
grounds are the inclusive top-pair production, the inclusive
diboson (ZZ , ZW , WW ) productions etc. [28].
To figure out the optimized values of the ST and Mej
cuts, i.e., SoptT and M
opt
ej , we scan a square grid in the ST-
Mmaxej plane defined between 0.5 TeV & 1.8 TeV in steps of
0.1 TeV in both directions. For every point in this grid, we
compute the combined signal and the background events to
find the combination for which the required luminosity for
a discovery (LD) minimizes. We define LD as,
LD = Max (L5,L10) . (12)
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FIG. 5: The estimated 100 & 300 fb−1 contours of the discovery
luminosity LD (Eq. (12)) for the e8 (first generation spin-1/2 lep-
togluon) at the 13 TeV LHC. The shaded region corresponds to
Me8 > Λ where our effective theory approach (Eqs. (1) & (2)) is
not reliable.
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FIG. 6: The η distribution of the second hardest electron can be
used to distinguish spin-0 LQs from spin-1/2 LGs. Here we set
Mℓq = Me8 = 2 TeV and λ = 0.3 (for the LQ signal) and Λ =
10 TeV (for the LG signal) at the 13 TeV LHC.
Here, L5 is the luminosity required to attain a 5σ statistical
significance for
(
Sig./
√
Backg.
)
and L10 is the luminosity
required to observe 10 signal events. In Table III, we display
the ‘after-cut’ cross sections of the combined signal and the
dominant Z + nj background (including the contributions
from ZV ) for the benchmark points of Table II. Though we
show only the dominant background in the table, we include
other sub-dominant contributions [28] (like inclusive top-
pair etc.) while estimating LD.
We show two LD contours estimated for the 13 TeV LHC
in Fig. 5. To obtain this, we use constantKNLO = 2 for Me8
beyond 1.5 TeV like the recast analysis in section III. With
300 fb−1 of integrated luminosity, the mass reach goes from
about 2.5 TeV to about 3.5 TeV as Λ decreases to about 3.5
TeV (Λ ≈ Me8) from very large values. Obviously, this
increase in reach with decreasing Λ happens because of the
single productions whose cross sections go like 1/Λ2.
Before closing this section we make a note. Even though
we have reinterpreted the CMS LQ data in terms of the e8,
it is also possible to separate them at the LHC. Let us sup-
pose, a significant excess is found in the eej data in future.
In Fig. 6, we show the η distribution of the second hardest
electron (as an example), which can be used to distinguish
a spin-0 LQ from a spin-1/2 LG. Obviously, there are other
possibilities as well. However, we do not pursue this issue
further in this letter.
V. DISCUSSIONS AND CONCLUSIONS
The quark-lepton compositeness scenario is one of the
well-known BSM scenarios which can accommodate LQs.
In this letter, we have used the CMS first generation scalar
LQ data in the eejj and the eej channels to probe this sce-
nario. In these models, there exist other exotic composite
particles that can also decay to lepton-jet final states. We
have recast the CMS data in terms of such a particle, the
color octet partner of the SM electron. An e8 decays to an
electron and a gluon via a dimension five interaction, sup-
pressed by the compositeness scale. This opens up the pos-
sibility of probing the compositeness scale with the eejj and
the eej data.
In a recent paper [31], we argued that at the LHC, a
search for the pair production of a colored particle (gener-
ally, model independent) can get ‘contaminated’ from the
model dependent single productions and vice versa. There,
we used the examples of the CMS LQ searches to demon-
strate how the pair and the single productions can be com-
bined systematically in the signal simulations. As a result,
even a search for the pair production can give information
on the model parameters that control the single productions.
In this letter too, we have adopted the same strategy, i.e.,
we have recast both the eejj and the eej data with signals
that are combinations of the pair and the single productions
for different values of Λ, the compositeness scale that con-
trols the single productions. Hence, the analysis in this let-
ter stands as yet another demonstration of our arguments in
Ref. [31].
From the combined signal, we extract the exclusion lim-
its in the Me8 -Λ plane. The limits obtained by our analysis
are not very precise as they are obtained by simple rescaling
instead of a full statistical analysis. However, one can con-
clude that the eejj data disfavor e8’s with mass below∼ 1.5
TeV for any value of Λ.7 Beyond this mass range, the limit
becomes a function of Λ. As the mass increases, the single
productions dominate the combined signals in both eejj and
eej channels giving almost overlapping limits that can also
be interpreted as the limits on Λ. Data in both channels in-
dicate that Λ & 2 TeV for 1.5 TeV . Me8 . 2 TeV. Beyond
this mass range, where the exclusion limits enter in the re-
gion with Me8 > Λ, our effective theory approach becomes
unreliable. We clearly mark this region in all the relevant
plots. This is an inherent limitation present in any effective
theory approach. It might also happen that, in nature, the
e8 is actually heavier than the compositeness scale. In that
case, all our limits/predictions would not be reliable except
7 If additional sources to the LG pair production (like the higher dimen-
sional operators in footnote 2 or the LO electroweak gauge mediated
pair production etc.) are considered, this limit would receive corrections
and could acquire some Λ-dependence even. However, it is normal to
expect these corrections to be smaller than the QCD mediated LO pair
production.
7in the parameter region dominated by the (QCD mediated)
pair production. For example, let us suppose that, in nature,
Λ is actually smaller than 1.5 TeV, the mass range disfavored
by the pair production data. In that case, we will still be able
to say that the e8 can not exist below 1.5 TeV but we would
not be able to conclude anything definitively about Λ from
our analysis. Notice that there are other higher dimensional
operators (likeOggee orOqqee for contact interactions) that,
in principle, could also connect Λ with the eejj/eej data
irrespective of the values of Me8 . However, two points go
against them – the first, the signal selection criteria are not
designed to favor them, and the second, these operators are
of dimensions higher than five (so unless Λ is very small, in
which case the whole effective theory approach might break
down, these terms are expected to be highly suppressed).
Hence, despite the inherent limitation, our approach gives
the best available limits on Λ and Me8 from the CMS 8TeV
eejj and eej data within the domain of validity of the effec-
tive theory (compare the limit on Me8 with the limit quoted
in the Particle Data Book [30], Me8 > 86 GeV from old
Tevatron data [41]).
Finally, we note that one can also analyze the second gen-
eration µµjj/µµj data in terms of color octet muon. How-
ever, it will be a very similar exercise and we do not expect
that it will provide very different limits on Λ than what we
have obtained. In case of the LQ, production of the sec-
ond generation is reduced compared to the first generation
because of the relative suppression of the second generation
quark PDFs. However, since the LG productions at the LHC
are mainly gluon mediated, they remain roughly the same
for any generation.
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